1999; Sorci et al. 1998; Sol & Lefebvre 2000; Blackburn & Duncan 2001; Sol et al. 2002) , and interactions among species (e.g. Moulton & Pimm 1983 Simberloff & Boecklen 1991; Simberloff 1992; Duncan 1997) .
Many birds have been also introduced into Japan (Narusue 1981; Nakamura 1990 Nakamura , 1994 Eguchi & Amano 1999 . Most introductions have been caused by the accidental escape of caged birds. Such accidental releases of exotic birds were sporadic and local, and, therefore, records of introduction were seldom kept. Further, introduction of birds into Japan became prominent only over the past one or two decades. Therefore, public concern about avian introductions is not high and information is scarce. These situations make it difficult to study avian introductions into Japan. However, the increase in international trade and transportation in recent years raise the risk of avian introductions. In this study, we conducted a nation-wide investigation about the distribution of introduced birds in Japan, the first one in this country. In this paper, we discuss the introduction of birds into Japan, and focus mainly on the nature of introduction and potential influence on native biota. Table 1 shows a list of exotic birds known to breed in Japan based on information collected by inquiries through e-mails to members of mailing lists ("jeconet" and "banding") and the Ornithological Society of Japan, through journals of Wild Bird Society of Japan (WBSJ), Sapporo Branch of WBSJ, Kitakyushu Branch of WBSJ and Japanese Society for Preservation of Bird, and personal inquiries from 2000 to 2001. In total, 36 species or subspecies are known to breed. Based on the literature, five other species are known to breed, the Alexandrine Parakeet Psittacula eupatria, Orange-cheeked Waxbill Estrilda melpoda, Yellow-crowned Bishop Euplectes afer, White-rumped Munia Lonchura striata and Lesser Masked Weaver Ploceus intermedius (Iozawa 2000; Ornithological Society of Japan 2000) . Lightvented Bulbul Pycnonotus sinensis formosae invaded Okinawa Island, but it is unknown whether it was by natural expansion of its geographical range or introduction by humans (Kinjo 1998) . In several of the Ryukyu Islands, the Common Peafowl Pavo cristatus escaping from zoos have naturalized and increased in population size (Tanaka & Takehara 2003; M. Izawa pers. comm.) . Thus, fouty-three exotic species have bred at least once.
AVIAN INTRODUCTIONS INTO JAPAN
Records of introductions are available only for a few species. The Black-billed Magpie Pica pica sericea was introduced from Korea to northern Kyushu in the late sixteenth century (Eguchi & Kubo 1992) . The range of its population was restricted to small region for about 400 years after the establishment. However, the population size and geographical range have been increasing over the two or three decades while large-scale habitat changes were being made by humans (Eguchi & Takeishi 1997) . According to historical documents, Feral Pigeons Columba livia had been seen around temples, shrines and towns from the seventeenth century. However, the first introduction of this species may date back more than six centuries further (Yamashina Institute for Ornithology 1979) . For the Chinese Bamboo Partridge Bambusicola thoracica, two pairs were released in the vicinity of Tokyo for the first time in 1915 and thereafter introduction was repeated in various places so frequently that they have spread throughout Japan (Kuroda & Komiya 1987) . The Ring-necked Pheasant Phasianus colchicus karpowi was introduced into three main islands, Honshu, Shikoku and Kyushu, around 1920, but did not become established (Kuroda & Komiya 1987 (Kiyosu 1978) . Escaped caged birds were seen from the early 1900s. For example, Kuroda (1913) reported a naturalized flock of Java Sparrows Padda orizivora and Chestnut Mannikins Lonchura atricapilla in the vicinity of Tokyo in 1910s. However, the little information available reports that most other exotic species were introduced only in past one or two decades.
So far, there have been no investigations done at a nation-wide scale. Narusue (1981) Nakamura (1990) listed 24 species as breeding exotic species found in Japan by 1990. In this study, we recognize more than 40 species breeding in Japan. Thus, although the information in the past is limited, it is possible that the number of breeding exotic species has increased nearly twice over a decade.
The Chinese Bamboo Partridge and Ring-necked Pheasant were introduced as game birds and the Feral Pigeon for food. Most other species originated from escapees (Table 1) . Thus, introduced birds in Japan were the result of non-intentional release, which is different from cases in other countries; for example, intentional large-scale release in Hawaii and New Zealand (Moulton & Pimm 1983; Veltman et al. 1996; Green 1997 (Diamond & Veitch 1981; Moulton & Pimm 1983; Green 1984; Case 1996) . Such a tendency in habitat selection may be a result of the competition with native species (Case 1996) . However, it appears that it is also a reflection of the environments of their original habitats. For example, the original habitats of major introduced species from taxa such as Passeridae (Estrildinae and Ploceinae) and Sturnidae are savanna, cropland or dry woodland. Such habitats are similar to riparian grassland, cropland and parks in human habitations in Japan. Exceptions are species of the Timaliidae family, such as the Red-billed Leiothrix and the Melodious Laughing Thrush, which have invaded indigenous forests (Eguchi & Amano 2000; Sato 2000; Amano & Eguchi 2002a, b) .
EFFECTS OF INTRODUCTION
Increasing population size of exotic species can exert a negative influence on the local ecosystem and native biota. In general, biotic invasion causes, 1) crop damage or other economic damage, 2) disturbance or destruction of habitats and ecosystem, and 3) decline or extinction of native biota (Long 1981; Lever 1987 ).
1) Crop damage and other economic damage
In America, 56% of 75 introduced species caused damages on agriculture and other economic resources (Temple 1992) . Because many introduced birds inhabit disturbed habitats (e.g., cropland, human habitations), it is likely that the increase of such species may have an influence on agriculture and other human activity.
In Japan, several introduced species cause the crop damage or other economic damage. The Feral Pigeon is one of important pest birds damaging soybeans or other vegetables, and flocks roosting in storehouses, buildings or apartment houses cause the pollution with droppings (Yamashina Institute for Ornithology 1979). The Light-vented Bulbul invaded the Okinawa Island in mid 1970s and badly damaged fruits and vegetables (Kinjo et al. 1987; Kinjo 1998) . The Black-billed Magpie builds a nest on an electricity pole and this practice has been spreading among individual birds in recent years (Eguchi 1996) , causing an increase in electrical accidents. The Ring-necked Parakeets are important pest bird of cereals and fruits both in its original habitats and introduced areas in North America and Europe (Feare 1996) . This species has been increasing around Tokyo and adverse effects on agriculture in the suburbs are possible.
2) Influence on ecosystem and habitat No cases of habitat destruction by introduced birds have been reported in Japan. However, if large birds are introduced and increase in numbers, adverse effects on the environment may be possible.
3) Influence on native avifauna Predation
The Common Myna, Red-wiskered Bulbul Pycnonotus jocosus and Red-vented Bulbul P. cafer can be aggressive towards native bird species; e.g., egg breaking in Mascarenes and Tahiti (Jones 1996; Thibault et al. 2002; Blanvillain et al. 2003) . If brood parasite species are introduced, new host species incapable of egg rejection would suffer serious losses in reproduction, e.g., the Brown-headed Cowbird Molothrus ater (Rothstein et al. 1980) . So far, no cases have been reported of predation or brood parasitism by introduced species in Japan. However, Vidua species are a brood parasite in its original habitats. In Japan, two species of Vidua are known to breed (Table 1) . Although host species have not been known yet, these species may influence on the breeding of native species. The Black-billed Magpie is a notorious predator of songbirds' nests in Britain (Gooch et al. 1991) , but no such predation has been reported in Japan.
Disease
In the Hawaiian Islands, avian malaria has accompanied the invasion of introduced birds and reduced the number of native species (van Riper et al. 1986; Dobson & May 1991) . In the Mascarenes Islands, avian pox and parrot diseases derived from introduced birds have prevailed (Jones 1996) . Species on small and remote islands are particularly susceptible to new pathogen and parasites brought by introduced birds.
In Japan, prevalence of blood parasites is low in grassland living warblers and buntings (Sodhi et al. 1996 (Sodhi et al. , 1999 Nagata & Sodhi 2003) . The mechanism maintaining low parasite prevalence in grassland bird communities is unknown and it is possible that these parasite-free communities are vulnerable to invasion of new parasites. Introduced birds could act as a large reservoir of various parasites and pass them to native parasite-free birds.
Hybridization and Introgression
Introduced species can hybridize with native closely related species. This may cause the extinction of endangered native species. Sterility in hybrids results in wasted copulation, which causes a population decline. If it is fertile, introgressive hybridization results in a loss of original morphological traits in either species (Rhymer & Simberloff 1996; Allendorf et al. 2003) . If introduced species outnumbers a native species, original traits of native species would disappear.
In Anatidae, interspecific hybridization occurs often and, in many cases, hybrids are fertile (Parkin 1996) . In particular, introduced Mallards or domestic races have hybridized with native subspecies or native species, causing a decline in native species (Hunter 1996) . The Hawaiian Duck Anas wyvilliana in Hawaii (Browne et al. 1993) and Grey Duck A. superciliosa in New Zealand (Gilllespie 1985; Rhymer et al. 1994 ) have been decreasing due to introgressive hybridization with introduced Mallards A. plathyrhynchos. In Japan, hybridization between domestic races of the Mallard and the Spot-billed Duck A. poecilorhyncha has been reported (Nakamura 1994) , but effects on the latter's populations are not so severe yet.
In a polytypic species, introduction beyond a range of a particular subspecies causes a loss of original traits of each subspecies. In Japan, the Green Pheasant Phasianus colchicus, which comprises four subspecies lost originality in each subspecies due to introduction for hunting (Ornithological Society of Japan 2000) . Reintroduction of endangered species should be carefully planned to reduce the likelihood of hybridizations.
Interspecific competition
The introduced Ruddy Duck Oxyura jamaicensis threatens the native White-headed Duck O. leucocephala with extinction through hybridization and interspecific competition in Britain (Hughes 1996) . Hole-nesting introduced birds such as the European Starling Sturnus vulgaris, Common Myna and Ringnecked Parakeet can compete with native species for nesting holes (Long 1981; Lever 1987; Feare 1996) . In the Mascarenes Islands, there are some cases of interspecific competition, which caused a decline of native species, e.g., the Common Myna and Redwiskered Bulbul affecting on the Mauritius Bulbul Hypsipetes olivaceus and Mauritius Cuckoo-shrike Coracina typica, the Madagascar Fody Foudia madagascariensis on the Mauritius Fody F. rubra, and the Ring-necked Parakeet on Mauritius Parakeet Psittacula eques (Jones 1996) . In Hawaiian native forest, the Japanese White-eye Zosterops japonica, Melodious Laughing Thrush and Red-billed Leiothrix caused a decline of native species probably due to competition for food (Mountainspring & Scott 1985) .
In general, however, it is difficult to demonstrate the existence of competition. Some authors think that extinctions of native species due to the competition with introduced species have been few (Diamond & Veitch 1981; Case 1991 Case ,1996 . Introduced species tend to inhabit environments disturbed by humans (Table 1) , whereas native species inhabit undisturbed environments such as indigenous forests. Such a separation of habitat may be due to a difference in habitat selection, not interaction between these species (Diamond & Veitch 1981) . Because of adapting to local habitats, native species would have a competitive advantage over introduced species. Therefore, introduced species seldom establish in indigenous forests due to competition from native species. Case (1996) attributes the success of introduced birds on islands to environmental changes by humans. However, between particular species, introduced species can outnumber native species even in indigenous forests due to demographic or environmental stochasticity or environmental heterogeneity (Sax & Brown 2000) .
In the Hawaiian Islands, generalist species such as the Japanese White-eye and Timaliidae outnumbered native species specializing in a particular food resource (Mountainspring & Scott 1985) . In oceanic islands, both habitat size and abundance of individual food resources are small. Usually, successful invasive species are a generalist (Jones 1996) . Even in oceanic islands, introduced generalist species can become established and maintain a population by virtue of its wide niche. Such a introduced generalist may constantly interact with native species specializing in a particular resource and, because of its small niche width and a limited available resource, a native specialist may eventually decline its population size through interspecific competition.
The Red-billed Leiothrix has also invaded the deciduous broadleaved forests in Japan. This species dominates over the avifauna of such habitats in Kyushu (Eguchi & Masuda 1994; Eguchi & Amano 2000) . In the avifauna of deciduous broadleaved forests, major species occupying a similar niche to this species are the Japanese Bush-warbler Cettia diphone, Great Tit Parus major, Varied Tit P. varius, Coal Tit P. ater, Willow Tit P. montanus and Longtailed Tit Aegithalos caudatus. Although there is no evidence to confirm the presence of interspecific competition between introduced and native species for food resources or nest sites, predation on Japanese Bush-warbler nesting in the same nesting habitat as the Red-billed Leiothrix has been found to be higher than in other regions where the latter species has not yet invaded (Amano & Eguchi 2002a, b) . Even if there is no direct competition, a high density of Redbilled Leiothrixes may cause the decline of the reproductive success in sympatric species through apparent competition (Martin & Martin 2001 ) mediated by predator attraction.
PROBLEMS CAUSED BY INTRODUCED BIRDS IN JAPAN
Problems caused by avian introductions are different from those in other organisms in some areas. First, the introduction of birds does not cause as much public concern as in the cases of other organisms. As mentioned, the effects of introduced birds on the ecosystem, biota and human society are not obvious. Most introduced birds inhabit disturbed habitats. Therefore, introduced birds replace native species that have disappeared due to human disturbance and hence play a role in maintaining ecosystems and mitigating environments for human being (Case 1996) . For example, introduced game birds occupy a similar niche held by now-extinct or rare native species and facilitate seed dispersal and germination of native plants in disturbed habitats in Hawaii (Cole et al. 1995) . Therefore, people believe that because introduced birds are harmless compared to other animals such as mongooses in the Ryukyu Islands and feral goats in the Bonin Islands, they should be allowed to exist in disturbed habitats until they start to exhibit negative impacts on the ecosystem and humans.
Second, it is difficult to clarify the process and scale of introduction of birds in Japan. In recent years, there have been few large-scale introductions like the ones done in New Zealand and Hawaii from the late nineteenth and early twentieth centuries. Instead, accidental and small-scale deliberate releases of caged birds are major sources of introductions into Japan. This makes it difficult to clarify the frequency and scale of introduction. Establishment and population growth of these escapees progress without attracting much attention, and such populations suddenly show up in large numbers that make regulation and eradication practically impossible. Many birds have been imported to Japan (Nash 1993; Melville 1994) ; more than two million every year by some estimates (Agency of the Environment 1986). Most of them are non-native species. Because many exotic birds have been imported into Japan, many escapees would establish self-maintaining populations.
Finally, it is nearly impossible to eradicate established exotic birds, both technically and psychologically. Generally, people cannot understand why a population already established in a habitat should be eradicated. For example, the Black-billed Magpie is an introduced species in Japan. Its population in northern Kyushu has increased in size over the past 20 to 30 years (Eguchi & Takeishi 1997) . However, few people believe that this species should be eradicated just because it is an introduced species. The same situation is seen in the case of the Red-billed Leiothrix increasing in deciduous broadleaved forests throughout Japan.
Exotic species can establish populations in an undisturbed habitat and exert a negative effect on native species (Sax & Brown 2000) . For example, timaliid birds like the Red-billed Leiothrix or Melodious Laughing Thrush have invaded into native forests in Japan and Hawaii, where they interact directly or indirectly with native species (Mountainspring & Scott 1985; Eguchi & Amano 2000; Amano & Eguchi 2002a, b) . Increasing introductions of exotic birds increase the likelihood of escapees establishing populations in undisturbed habitats. This may increase the impact of such species on native species. So far, native species have declined in islands, such as the Hawaiian Islands, Tahiti, and Mascarenes Islands. In Japan, it is likely that the impact by introduced species will be serious in small islands such as the Ryukyu Islands. the legal control of introductions. The Ministry of the Environment has made a new Biodiversity Strategy in 2002 (http://www/biodic.go.jp/nbsap.html). It includes three main actions for biotic introduction, prevention, assessment and management (regulation and eradication). However, current legislation cannot control introduction effectively. Because most of the introduced birds and mammals in Japan are escaped captive animals, a legal barrier against the import of animals is necessary.
Basically the import of exotic species should be strictly regulated. The permission of import should be issued based on the risk assessment involving the abundance of the species in original countries, probability of establishment after escaping into non-original habitats, estimation of influences on native biota and difficulty of eradication of naturalized population. After issuing the permit, each individual should be registered and identified with a metal ring. An owner of the bird keeps the registration number and form. When a bird escapes or dies, the owner should notify its registration number and the escape or death to the permit issuing organization. Campaigns for preventing introductions of exotic species, including the threat of biotic invasion on the biodiversity, should be conducted for agents of import and bird fanciers.
Exotic species already naturalized should be eradicated as soon as they are recognized. Eradication in an early stage of introduction is essential. Eradication and regulation project of introduced birds should be conducted with a well-laid plan that has a feedback system that allows the project to be adjusted according to the result of each trial. Nation-wide monitoring of establishment of introduced birds is necessary to make plans for eradication and regulation. So far, investigations of introduced birds have been scarce and regional. Campaigns based on accurate and adequate information make it easy to obtain public approval for executing eradication and measurement project.
